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A portable automated lidar (PAL) system, which conducts full-time operation and all-weather observation through the window, has been 
developed. Observations of long-term temporal and spatial dynamics of the atmosphere are described and the advantage of full-time operation is 
discussed. 
 
1. Introduction 
Atmospheric convection has an effect on cloud formation, and it leads to heavy rain or lighting strike. It also affects diffusion 
of suspended substances. Changes in the atmospheric convection due to the climate change may influence the large and local-
scale transformation of particles such as the yellow sand. In this context, it is essential to understand the temporal and spatial 
dynamics of the atmosphere, which cannot be monitored with conventional, fixed-point observation systems or 
meteorological satellites. 
Lidar is an appropriate tool for monitoring time and spatial dynamics of the atmosphere, especially aerosols and 
clouds. Although various kinds of lidar systems have so far been developed, observations are limited in terms of time spans. 
Besides, observation directions are usually fixed both horizontally and vertically. These limitations are originated from the 
system stability as well as the complication of system maintenance including the laser device. 
A micro pulse lidar (MPL), developed by Spinhirne in 1993, is a compact lidar system that provides easy operation and 
long-term observation [1]. Using a laser-diode pumped laser of micro joule output energy, MPL ensures the eye-safety 
features. Signal-to-noise ratio was improved by narrowing the receiver field-of-view (FOV). However, this makes it difficult 
to adjust the laser beam within the receiver’s FOV. Since the same telescope is used to both transmit and receive the laser 
beam, a small amount of the emitted beam back-reflected from the beam splitter often damages the detector. 
In this paper, we describe a portable automated lidar (PAL) system, which we have developed to conduct full-time 
operation and all-weather observation through the laboratory window [2]-[4]. The PAL system has an automated correction 
mechanism for misalignment of the overlap between the transmitted laser beam and the receiver FOV. Hence the system is 
able to operate in a stable and stand-alone way. In addition, we have recently installed the scanning mechanism by attaching 
a horizontal stage to the PAL system. This improvement contributes greatly to monitoring the two-dimensional structure of 
the atmosphere nearly instantaneously. 
 
 
2. PAL system 
The PAL system is a variation of micro-pulse lidar (MPL) system. The system configuration is shown in Fig. 1 and its 
specifications are summarized in Table 1. Since the transmitted energy is 15 PJ, the system is nearly eye-safe at the expense 
of weak signals (lidar echo). To attain enough signal-to-noise ratio, the background light due to sky radiance must be 
eliminated with a narrow-bandwidth filter (0.5 nm) and a narrow FOV of 0.2 mrad. At the same time it is essential to keep 
the good overlap between the laser beam and the telescope FOV. Misalignment of the overlap, however, sometimes occurs 
from changes in the ambient temperature and accidental disturbances. The system has the auto alignment mechanism, in 
which the laser beam is scanned vertically and then horizontally within the receiver’s FOV and the maximum in the return 
signal (a certain range near the peak of the A-scope) is sought every 15 min. 
The detector is a photo-multiplier operated in the photon counting mode (Hamamatsu photonics K.K. R1924P). The 
lidar echoes are accumulated by a scaler (Stanford Research Systems SR430). The spatial resolution is 24 m and the 
maximum observation range is 24 km (altitude 15km). The observation is made though the vertical window of the laboratory, 
leading to the capability of measurement under all weather conditions. The observation data have been accumulated since the 
year 2004. The system status can be checked and the data can be downloaded though the Internet. 
A built-in rotation stage for horizontal scanning has recently been installed. As the PAL system is fabricated as a 
monolithic structure including a laser head and a detector, the rotation stage was “inserted” under all the optical systems. The 
scanning observation of a range of 25r  degrees is conducted every hour, interrupting the continuous measurement for about 
6 min. The PAL system is operated in Chiba Prefecture Environmental Research Center, with its beam pointed northward at 
the elevation angle of 38 deg. The center is located on the east of Tokyo bay, about 10 km south of Chiba University. There is 
an industrial area and a busy load on the seaside (west of the center). 
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Fig.1 System configuration of portable automated lidar. 
 
 
 
Table.1 Specification of PAL 
 
Laser LD pumped Nd:YAG Laser 
 
 Pulse Power  15 PJ 
 
 Wavelength  532 nm 
 
Detector Photo-multiplier 
(photon counting mode) 
Telescope Schmidt-Cassegrain 
 
 Aperture  20 cm diameter 
 
 Field of View  0.2 mrad 
 
Scaler Resolution  24 m 
 
 Range  24 km 
 
 Averaging  10 or 20 s 
 
 
 
3. PAL Observation 
The main advantage of the continuous and long-term observation is capturing the local weather change that takes place in a 
time scale of several hours. Especially, the system can monitor the onset and recovery of bad weather conditions and changes 
in polluted airs. These features are largely dependent on the site locations and conditions (urban/rural/mountains/waters). 
Two examples of characteristic results from the viewpoint of long-term cloud observation are shown in the following.  
  
 
 
 
 
 
 
 
Fig.2(a) Weather map over Japan 
on October 7, 2006. 
Figure 2 is the result observed during 0-12 h local time on October 7, 2006. The 
weather map of Fig. 2(a) [5] shows that the low pressure has moved northward passing along 
the east coat of Japan, involving stationary and cold fronts. The PAL data in Fig. 2(b) also 
show that the long-lasting rain from the day before stopped and the cloud gradually gained 
altitude. The PAL data shown here are all corrected by the squared distance. Relatively large 
echo appeared under the cloud till 7:00 (local time) in the morning. On that day, temperature 
and humidity largely changed at 7:00 (local time). Wind direction was northwest, and its 
speed was 8 m/s. The 10-h cloud elevation indicates the passage of highly developed low 
pressure. Figure 3 is the result observed during 0-12 on September 18, 2006. It was a windy 
day. Low clouds of less than 1km altitude appeared during 0-5 h. They raised the altitude up 
to 2 km during 5-8 h. The lidar echo from these clouds was sparse and largely fluctuating in 
altitude. Sharp downturn of the cloud altitudes during 8-10 h was due to the rainfall. 
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Fig.3 12-hour cloud long-term observation result: September 18, 2006. Temp. 24 deg, Hum. 82%.
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Fig.2(b) 12-hour cloud long-term observation result : October 7, 2006. Temp. 21 deg, Hum. 35%. 
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Examples of long-term temporal motion of the atmosphere are shown in Fig.4. Figure 4(a) is the result observed 
during 0-12 h local time on September 21, 2006. The atmospheric boundary layer and cloud were captured at the altitude of 2 
km and 4 km, respectively. The structure was stable and showed little change till 9:00, while the relatively large echo 
appeared and raised its altitude from the ground during 9-12 h. In accordance with the change, cloud appeared at the altitude 
of 1.5-2 km. This condition continued till 16:00. Figure 4(b) is the result observed during 0-12 h on December 23, 2006. The 
cloud appeared at the altitude of 6 km and lowered its altitude gradually from 0 to 6 h. Another cloud appeared on the 
boundary layer at the altitude of 1.5km starting from 6:00. The boundary layer reduced the altitude down to 0.3-0.5 km. 
Furthermore during 8-10 h, another cloud appeared on the lowered boundary layer. Obviously those results demonstrate the 
benefit of long-term observation. The change in temperature, wind, and the local-climatological influence of the site location 
will also be reflected in the observation data. 
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(a) September 21, 2006. Temp. 24.7deg, Hum. 59% 
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Fig. 4 12-hour atmosphere long-term observation results. 
 
 
The result of temporal and horizontal-scanning observations on July 2, 2007 is shown in Fig. 5. On the day, the 
cloudy weather from the preceding day gradually worsened and is started to rain in the evening. Time-height indication result 
of Fig. 5(a) shows that cloud moved slowly in the altitude range of 1-1.5 km during 0-8 h. The cloud altitude lowered in 8-12 
h, while another thin echo appeared under the cloud layer. It rained in 15-19h (Chiba city). 
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 (a) 24-hour long-term observation result 
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(b) 24-hour horizontal scanning observation result 
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(d) Pressure and Wind Speed data  
Fig. 5 24-hour long-term and horizontal scanning observation result : July 2, 2007. 
 
 
 
 
 
 
 
Temperature/humidity variation shown in Fig. 5(c) and pressure/ wind speed variation in Fig. 5(d) also indicate the same 
change in the atmosphere activity, particularly the change of humidity in 0-12 h and 15-19 h, and the change of 
pressure/wind speed in 15-19 h. The spatial distributions of the lidar echo obtained by the horizontal scanning are shown in 
Fig. 5(b). Although the scanning data are also corrected for the squared distance, it is not corrected for the elevation angle. 
Thus, the graphs are plotted in the beam propagation distance. The basic features of cloud echoes agree well with the 
temporal variation in Fig.5(a), while the spatial structures of cloud are clearly detected in 9-12 h and 12-15 h by virtue of the 
horizontal scanning for the first time. The advantage of the horizontal scanning in understanding the local atmosphere will 
be fully exploited by deducing 3-dementional spatial information. In Fig. 5(a), the horizontal scanning time periods of 6 min 
are shown with blanks. Alternatively, the scanning data can also be used as part of the temporal data, filling those blanks. 
 
4. Summary 
The PAL system has continued the uninterrupted, autonomous observations for nearly 4 years. The additional inclusion of the 
horizontal scanning capability enables us to apply the system to new types of targets: spread of industrial smokes and dust 
distributions from busy roads are good example of such applications. The system will also be useful to elucidate yellow dust 
activity and the pollen density distributions. In the near future, we are planning to install multi-wavelength and multi-
polarization capabilities to the PAL system. 
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